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© Inputted image signals are coded, for example, by performing prediction encoding, DCT conversion, 
quantization in predetermined quantization step sizes, and variable-length coding so as to generate first coded 
data. From the amount of the first coded data per unit of time, for example, per frame or GOP and the total 
amount of data usable, the amount of codes assigned per frame or GOP is determined. On the basis of this 
amount of codes assigned, the inputted image signals are coded every given period of time to generate second 
coded data. Thus variable rate coding in which the coding rate changes every period of time is implemented to 
provide high-quality images which are uniform as a whole without increasing the quantization step sizes of 
images even though there are continuous frames whose patterns are complicated, unlike a conventional 
apparatus. The second coded data thus generated are variable rate ones. Therefore, by recording them on an 
image recording medium, it is possible to utilize a limited capacity of storage effectively, and prolong the 
recording time of the image recording medium. Then, from this image recording medium, it is possible to 
reproduce high-quality images which are uniform as a whole. 
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Technical Field 

This invention relates to a picture encoding method, a picture encoding apparatus and a picture 
recording medium, and more particularly to a picture encoding method, a picture encoding apparatus and a 
5 picture recording medium which are used in a system for implementing encoding for storage to a video 
signal of moving picture to record the coded signal onto a picture recording medium such as an optical 
disc, a magnetic disc, or a magnetic tape, etc., or a system for transmitting a video signal of moving picture 
through a transmission path. 

to Background Art 

Hitherto, in a system for transmitting a video signal of moving picture to remote place, for example, as 
in the television conference system, the television telephone system, etc., or a system for recording a video 
signal of moving picture onto a picture recording medium such as an optical disc, a magnetic disc or a 

75 magnetic tape, etc., or reproducing a recorded video signal of moving picture, there is adopted for the 
purpose of efficiently utilizing transmission path (or picture recording medium), a scheme to implement so 
called efficient encoding to a video signal by making use of correlation between lines or correlation between 
frames that video signal has to reduce redundancies in the spatial axis direction and the time axis direction 
to transmit only significant information, thus to improve transmission efficiency. 

20 For example, in encoding processing in the spatial axis direction (hereinafter intra-frame coding 
processing), e.g., correlation between lines of a video signal is utilized as shown in FIG. 7A. In the case of 
attempting to transmit respective pictures PC1, PC2, PC3 constituting a moving picture at times t1, t2, t3 
picture data to be transmission-processed is caused to undergo one-dimensional coding, e.g., within the 
same scanning line, or a picture is divided into, e.g., a plurality of blocks to allow picture data of respective 

25 blocks to undergo two-dimensional coding to thereby carry out data compression, thus to improve 
transmission efficiency. 

Moreover, in coding processing in the time axis direction (hereinafter referred to as intra-frame coding 
processing), intra-frame correlation of video signal is utilized to determine, by so called predictive coding, 
for example, picture data PC12, PC23 comprised of deficiencies (so called predictive errors) of picture 
30 data every corresponding pixels between adjacent pictures PC1 and PC2, PC2 and PC3 in succession to 
transmit these picture data PC12, PC23, ™ to thereby carry out data compression, thus to improve 
transmission efficiency. 

Thus, as compared to the case where all picture data of pictures PC1, PC2, PC3 are transmitted, a 
video signal can be transmitted by extremely lesser data quantity. 

35 Further, in the predictive coding in the above-described intra-frame coding processing, motion com- 
pensated prediction is used, e.g., in macro block units in order to further improve efficiency. Namely, e.g., 
in the case where a person at the central portion of picture moves, or the like, motion (movement) of an 
object moving in the picture is detected to correct position of picture data used for prediction in the former 
picture by that motion to carry out predictive coding, thereby making it possible to improve coding 

40 efficiency. However, even when such motion compensated prediction is employed, many data must be 
transmitted with respect to the portion where an object moves and appears from behind. In view of this, not 
only motion compensation in the above-described forward direction, but also motion compensation in 
backward direction or in both directions of forward and backward directions are carried out in combination, 
thereby making it possible to further improve coding efficiency. 

45 In actual terms, as shown in FIG. 8A, in macro blocks of frame data F0, F1, F2, F3 of the 0th, first, 
second, third frames of a video signal of moving picture to be transmitted, in the case where there took 
place changes of pictures as respectively indicated by motion vectors xO, x1 , x2, x3 - between frames in 
succession, device on the transmitter side designates frames at intervals of a predetermined number of 
frames (e.g., every other frame), i.e., second, fourth frames as interpolation frame to implement so called 

so predetermined interpolation frame processing to these interpolation frames as shown in FIG. 8B to thereby 
generate transmit interpolated frame data F2X, F4X ■•■ Further, with respect to non-interpolation frames, the 
device on the transmitting side implements a predetermined coding processing to frame data F1, F3 to 
generate transmit non-interpolated frame data F1X, F3X . 

For example, difference SP2 (predictive error) between motion compensated frame data F3 and F2, 

55 difference SP3 between motion compensated frame data F1 and F2, and difference SP4 between frame 
data obtained by implementing interpolation processing to motion compensated frame data F1, F3 and 
frame data F2 are respectively determined in macro block units to compare difference (data) SP1 of frame 
data F2 and those differences. Then, data having minimum data quantity generated of those data SP1 ~ 
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SP4 is caused to be transmit interpolated data F2X in macro block units. Similarly, transmit interpolated 
data F4X with respect to respective interpolation frames are generated. Further, e.g., DCT processing and 
variable length coding processing, etc. are implemented to frame data F1, F3 ™ of non-interpolation frames 
to generate transmit non-interpolated frame data F1X, F3X . 
5 The transmit non-interpolated frame data F1X, F3X and transmit interpolated frame data F2X, F4X - 
are transmitted to the device on the receiving side as transmit data along with motion vectors xO, x1, x3 ~. 

On the other hand, the device on the receiving side implements decoding processing corresponding to 
coding processing on the transmitting side to transmit data (transmit non-interpolated frame data F1X, F3X 
, transmit interpolated frame data F2X, F4X *, data of motion vectors xO, x1, x3 ), thus to reproduce 
70 frame data FO, F1 , F2, F3 ~. As a result, motion compensation is implemented not only in forward direction 
but also in backward direction or in forward and backward directions, thereby making it possible to further 
improve coding efficiency. 

Picture encoding apparatus and picture decoding apparatus having the above-described function will 
now be described. 

75 This picture encoding apparatus comprises, as shown in FIG. 9, a pre-processing circuit 61 for 
separating an input video signal VD into luminance signal and color difference signal, analog/digital 
(hereinafter referred to as A/D) converting circuits 62a, 62b for respectively converting the luminance signal 
and the color difference signal from the pre-processing circuit 61 into digital signals, a frame memory group 
63 for storing luminance data and color difference data (hereinafter referred to as picture data) from the A/D 

20 converting circuits 62a, 62b, a format converting circuit 64 for reading out picture data from the frame 
memory group 63 in accordance with block format, and an encoder 65 for implementing efficient coding to 
picture data of block from the format converting circuit 64. 

In operation, pre-processing circuit 61 separates input video signal VD into luminance signal and color 
difference signal. A/D converting circuits 62a, 62b respectively converts luminance signal and color 

25 difference signal into luminance data and color difference data each comprised of 8 bits. Frame memory 
group 63 stores these luminance and color difference data. 

Format converting circuit 64 reads out, in accordance with block format, picture data (luminance data, 
color difference data) stored in the frame memory group 63. Encoder 65 encodes the picture data thus read 
out by a predetermined efficient coding to output bit stream. 

30 This bit stream is delivered to picture decoding apparatus 80 through transmission media 70 comprised 
of transmission path or picture recording media such as, optical disc, magnetic disc or magnetic tape, etc. 

This picture decoding apparatus 80 comprises, as shown in the FIG. 9 mentioned above, decoder 81 
corresponding to the encoder 65, format converting circuit 82 for converting picture data reproduced by the 
decoder 81 into frame format, frame memory groups 83 for storing picture data from the format converting 

35 circuit 82, D/A converting circuits 84a, 84b for converting luminance data, color difference data which have 
been read out from the frame memory group 83 into analog signals, and post-processing circuit 85 for 
mixing luminance signal, color difference signal from the D/A converting circuits 84a, 84b, thus to generate 
output video signal. 

Decoder 81 decode^ bit stream by decoding corresponding to efficient coding of encoder 65 to 
40 reproduce picture data of block format. Format converting circuit 82 converts this picture data into frame 
format to store it into frame memory group 83. 

D/A converting circuits 84a, 84b respectively convert luminance data and color difference data which 
have been read out from frame memory group 83 into luminance signal and color difference signal. Post- 
processing circuit 81 mixes these luminance signal and color difference signal, thus to generate output 
45 video signal. 

In actual terms, pre-processing circuit 61 and A/D converting circuits 62a, 62b convert luminance signal 
and color difference signal into digital signal as described above to reduce quantity of data so that the 
numbers of pixels become equal to one half of those of luminance signal in upper and lower directions and 
in left and right directions with respect to the luminance signal thereafter to implement time axis 
so multiplexing processing thereto to deliver luminance data and color difference data thus obtained to frame 
memory group 63. 

From frame memory group 63, luminance data and color difference data are read out in accordance 
with block format as described above. Namely, e.g., picture data of one frame is divided into N slices as 
shown in FIG. 10A. Each slice is caused to include M macro blocks as shown in FIG. 10B. Each macro 
55 block is composed of luminance data Y1, Y2, Y3, Y4 of four luminance blocks consisting of 8x8 pixels 
adjacent in upper and lower directions and in left and right directions and color difference data Cb, Cr of 
color blocks consisting of 8x8 pixels in a range corresponding to these four luminance blocks. From frame 
memory group 63, luminance data and color difference data are read out so that picture data are 
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successive in macro block units within slice and are successive in order of Y1, Y2, Y3, Y4, Cb, Cr within 
macro block. Picture data which have been read out in accordance with block format in this way are 
delivered to encoder 65. 

Encoder 65 comprises motion vector detecting circuit 101 as shown in FIG. 11. This motion vector 

5 detecting circuit 101 detects, in macro block units, motion vector of picture data delivered thereto in 
accordance with block format. Namely, motion vector detecting circuit 101 detects, in macro block units, 
motion vector of current reference picture by forward original picture and/or backward original picture stored 
in frame memory group 63. Here, detection of motion vector is carried out such that minimum one of 
absolute value sums of differences between frames in macro block units is caused to be corresponding 

70 motion vector. The motion vector thus detected is delivered to motion compensating circuit 113, etc., and 
intra-frame differences in macro block units are delivered to intra-frame/forward/backward bidirectionally 
predictive judging circuit 103. 

This intra-frame/forward/backward/bidirectionally predictive judging circuit 103 determines predictive 
mode of reference block on the basis of this value to control predictive coding circuit 104 so as to carry out 

75 switching of intra-frame/forward/backward/bidirectional prediction in macro block units. Predictive coding 
circuit 104 comprises adding circuits 104a, 104b, 104c and selecting (changeover) switch 104d, and is 
operative so that when predictive coding mode is intra-frame coding mode, it selects input picture itself, and 
when predictive coding mode is forward/backward/bidirectionally predictive mode, it selects differences 
(hereinafter referred to as difference data) every pixels of input picture data with respect to respective 

20 predictive pictures, thus to deliver the selected data to DCT circuit 105. 

DCT circuit 105 implements DCT processing to input picture data or difference data in block units by 
making use of the two-dimensional correlation of video signal to deliver coefficient data thus obtained to 
quantizing circuit 106. 

The quantizing circuit 106 quantizes coefficient data by using quantization step size (quantization scale) 

25 determined every macro block or slice to deliver quantized data thus obtained to variable length coding 
(hereinafter referred to as VLC) circuit 107 and inverse quantizing circuit 108. Meanwhile, quantization step 
size used for this quantization is determined so as to take a value such that transmitting buffer memory 109 
which will be described later does not break by providing feedback of buffer residual of transmitting buffer 
109. This quantization step size is also delivered to VLC circuit 107 and inverse quantizing circuit 108. 

30 VLC circuit 107 implements variable length coding to quantized data along with quantization step size, 
predictive mode and motion vector to deliver them to transmitting buffer memory 109 as transmit data. 

The transmitting buffer memory 109 temporarily stores transmit data thereafter to read out it at a 
predetermined bit rate to thereby smooth transmit data to output it as bit stream, and to feed quantization 
control signal in macro block units back to quantizing circuit 106 in accordance with residual data quantity 

35 remaining in the memory to control quantization step size. Thus, transmitting buffer memory 109 adjusts 
data quantity generated as bit strem to maintain data of appropriate residual (remaining capacity) (data 
quantity such that no overflow or underflow takes place) within the memory. For example, when data 
residual of transmitting buffer memory 109 increase to allowed upper limit, transmitting buffer memory 109 
allows quantization step size of quantizing circuit 106 to be large by quantization control signal, thus to 

40 reduce data quantity of quantized data. On the other hand, when data residual of transmit buffer memory 
109 decrease down to allowed lower limit, transmitting buffer memory 109 allows quantization step size of 
quantizing cirucit 106 to be small by quantization control signal to thereby increase data quantity. 

In this way, bit stream outputted from buffer memory 109 is delivered to picture decoded unit 80 
through transmission media 70 comprised of a transmission path or a picture recording medium such as 

45 optical disc, magnetic disc, or magnetic tape etc. at a predetermined bit rate as described above. 

On the other hand, inverse quantizing circuit 108 inverse-quantizes quantized data delivered from 
quantizing circuit 106 to reproduce coefficient data (quantization distortion is added) corresponding to 
output of the about-described DCT circuit 105 to deliver the coefficient data to Inverse Discrete Cosine 
Transform (hereinafter referred to as IDCT) circuit 110. 

50 The IDCT circuit 110 implements IDCT processing to the coefficient data to reproduce picture data 
corresponding to input picture data in the intra-frame coding mode, and to reproduce difference data 
corresponding to output of predictive coding circuit 104 in the forward/backward/bidirectionally predictive 
modes, thus to deliver it to adding circuit 111. 

When predictive coding mode is the forward/backward/bidirectionally predictive modes, the adding 

55 circuit 1 1 1 is supplied with motion-compensated predictive picture data from motion compensating circuit 
113 which will be described later to described later to add the motion-compensated predictive picture data 
and difference data to thereby reproduce picture data corresponding to input picture data. 
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The picture data reproduced in this way is stored into frame memory 112. Namely, inverse quantizing 
circuit 108 - adding circuit 111 constitute a local decoding circuit to locally decode quantized data 
outputted from quantizing circuit 106 to write decoded picture thus obtained into frame memory 112 as 
forward predictive picture or backward predictive picture. The frame memory 112 is comprised of a plurality 
5 of frame memories. Bank switching of the frame memory is carried out. In correspondence with picture to 
be encoded, single frame is outputted as forward predictive picture data, or is outputted as backward 
predictive picture data. Moreover, in the case of bidirectional prediction, forward predictive picture data and 
backward predictive picture data are, e.g., averaged. The averaged data thus obtained is outputted. These 
predictive picture data are entirely the same pictures as pictures reproduced by decoder 81 which will be 
w described later. Picture to be processed next is caused to undergo forward/backward/bidirectional predictive 
coding on the basis of this predictive picture. 

Namely, picture data which has been read out from frame memory 112 is delivered to motion 
compensating circuit 113. This motion compensating circuit 113 implements motion compensation to 
predictive picture data on the basis of motion vector to deliver the motion-compensated predictive picture 
75 data to predictive encoding circuit 104 and adding circuit 111. 

Decoder 81 will now be described. 

To decoder 81, bit stream is inputted through transmission media 70 is inputted. This bit stream is 
inputted to Variable Length Decoding (Inverse Variable Length Coding) (hereinafter referred to as IVLC) 
through receiving buffer 201. The IVLC circuit 202 reproduces quantized data, motion vector, predictive 

20 mode and quantization step size, etc. from bit stream. These quantized data and quantization step size are 
delivered to inverse quantizing circuit 203. Motion vector is delivered to motion compensating circuit 207, 
and predictive mode is delivered to adding circuit 205. 

The operation of inverse quantizing circuit 203 - adding circuit 205 is the same as that of local 
decoding circuit of encoder 61, the operations of frame memory group 206, motion compensating circuit 

25 207 are respectively the same as those of frame memory 112 and motion compensating circuit 113 of 
encoder 61. On the basis of quantized data, motion vector, predictive mode, quantization step size, 
decoding is carried out. As a result, reproduction picture data is outputted from adding circuit 205. 

As described above, in the conventional apparatus, coding bit rate of bit stream generated at encoder 
65 is caused to be fixed in correspondence with transfer rate of transmission media 70. Under this 

30 limitation, quantity of data generated, i.e., quantization step size of quantizing circuit 106 in encoder 65 was 
controlled. In other words, for example, a control was conducted such that when pictures of complicated 
pattern are successive, quantization step size is caused to be larger to suppress quantity of data generated, 
while when simple patterns are successive, quantization step size is caused to be smaller to increase 
quantity of data generated so that buffer memory 109 does not produce overflow or underflow, thus to 

35 maintain a fixed rate. 

Accordingly, in the conventional apparatus, when complicated pictures are successive, quantization step 
size is caused to be larger, so picture quality is deteriorated, while when simple pictures are successive, 
quantization step size is caused to be smaller. As a result, uniform picture quality cannot be obtained 
through the entirety. 

40 In addition, in the case of recording bit stream onto a picture recording medium of a limited data 
capacity, in order to avoid extreme deterioration of picture quality with respect to pictures of complicated 
pattern, a fixed rate of high rate such that picture quality of such complicated picture is not injured must be 
applied to the entirety, resulting in decreased recording time. 

45 Disclosure of the Invention 

In order to solve the above-described problem, a first picture encoding method according to this 
invention comprises the steps of encoding at least a portion of an input video signal to generate first 
encoded data, determining an encording rate every predetermined time on the basis of data quantity every 

50 predetermined time of the first encoded data and total quantity of usable data, and encoding the input video 
signal every predetermined time on the basis of the encoding rate to generate second encoded data. 

A second picture encoding method according to this invention is characterized in that, in the first picture 
encoding method, at least a portion of the input video signal is quantized by a fixed quantization step size 
to generate the first encoded data. 

55 A third picture encoding method according to this invention is characterized in that, in the first picture 
encoding method, the total quantity of usable data is proportionally allocated in accordance with data 
quantity every predetermined time, thus to determine the encoding rate every predetermined time. 
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A fourth picture encoding method according to this invention comprises the steps of implementing a 
predetermined predictive encoding or a predetermined transform encoding to at least a portion of an input 
video signal to generate first coefficient data, quantizing the first coefficient data by a fixed step size to 
generate first quantized data, allowing the first quantized data to undergo variable length encoding to 
5 generate a first bit stream, determining an encoding rate every predetermined time on the basis of data 
quantity of the first bit stream and total quantity of usable data, implementing the predetermined predictive 
encoding and/or the predetermined transform encoding to the input video signal to generate second 
coefficient data, quantizing the second coefficient data by a quantization step size based on the encoding 
rate every predetermined time to generate second quantized data, and allowing the second quantized data 
w to undergo variable length encoding to generate a second bit stream. 

A fifth picture encoding method according to this invention is characterized in that, in the fourth picture 
encoding method, the encoding rate is determined every one frame on the basis of data quantity every one 
frame in the first bit stream and total quantity of usable data. 

A sixth picture encoding method according to this invention is characterized in that, in the fourth picture 
75 encoding method, the encoding rate is determined every GOP on the basis of data quantity of at least a 
potion every GOP consisting of a plurality of frames in the first bit stream and total quantity of usable data. 

A seventh picture encoding method according to this invention is characterized in that, in the sixth 
picture encoding method, encoding rate every GOP is determined on the basis of data quantity with respect 
to intra-frame encoded picture and forward predictive encoded picture in the GOP. 
20 An eighth picture encoding method according to this invention is characterized in that, in the fourth 
picture encoding method, the total quantity of usable data is proportionally allocated in dependency upon 
data quantity of the first bit stream every predetermined time to determine an encoding rate every 
predetermined time. 

A ninth picture encoding method according to this invention comprises the steps of determining 

25 difficulty of encoding every predetermined picture unit of an input video signal, setting an encoding rate 
every predetermined picture unit on the basis of the difficulty of encoding and total quantity of usable data, 
and implementing encoding to the input video signal so that encoding rates of respective picture units are 
in correspondence with the set encoding rate every picture unit. 

A tenth picture encoding method according to this invention is characterized in that, in the ninth picture 

30 encoding method, the predetermined picture unit is frame. 

An eleventh picture encoding method according to this invention is characterized in that, in the ninth 
picture encoding method, the predetermined picture unit is GOP consisting of a plurality of frames. 

A twelfth picture encoding method according to this invention is characterized in that, in the ninth 
picture encoding method, a predetermined predictive encoding and/or a predetermined transform encoding 

35 is implemented to at least a portion of the input video signal to generate coefficient data to quantize the 
coefficient data by a fixed quantization step size to thereby determine difficulty of encoding. 

A first picture encoding apparatus according to this invention comprises first encoding means for 
encoding at least a portion of an input video signal to generate first encoded data; encoding control means 
for determining an encoding rate every predetermined time on the basis of data quantity every predeter- 

40 mined time of the first encoded data from the first encoding means and total quantity of usable data; and 
second encoding means for encoding the input video signal every predetermined time on the basis of the 
encoding rate every predetermined time from encoding control means to generate second encoded data. 

A second picture encoding apparatus according to this invention is characterized in that, in the first 
picture encoding apparatus, the first encoding means comprises quantizing means for quantizing at least a 

45 portion of the input video signal by a fixed quantization step size. 

A third picture encoding apparatus according to this invention is characterized in that, in the first picture 
encoding apparatus, the encoding control means is operative to proportionally allocate the total quantity of 
usable data in dependency upon data quantity every predetermined time, thus to determine an encoding 
rate every predetermined time. 

50 A fourth picture encoding apparatus according to this invention comprises first encoding means for 
implementing a predetermined predictive encoding and/or a predetermined transform encoding to at least a 
portion of an input video signal to generate first coefficient data; first quantizing means for quantizing the 
first coefficient data from the first encoding means by a fixed quantization step size to generate first 
quantized data; first variable length encoding means for allowing the quantized data from the first quantizing 

55 means to undergo variable length encoding to generate a first bit stream; encoding control means for 
determining an encoding rate every predetermined time on the basis of data quantity of the first bit stream 
from the first variable length encoding means and total quantity of usable data; second encoding means for 
implementing the predetermined predictive encoding and/or the predictive transform encoding to the input 
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video signal to generate second coefficient data; second quantizing means for quantizing the second 
coefficient data from the second encoding means by a quantization step size based on the encoding rate 
every predetermined time from the encoding control means to generate second quantized data; and second 
variable length encoding means for allowing the second quantized data from the second quantizing means 
5 to undergo variable length encoding to generate a second bit stream. 

A fifth picture encoding apparatus according to this invention is characterized in that, in the fourth 
picture encoding apparatus, the encoding control means determines the encoding rate every one frame on 
the basis of data quantity every one frame in the first bit stream and total quantity of usable data. 

A sixth picture encoding apparatus according to this invention is characterized in that, in the fourth 
10 picture encoding apparatus, the encoding control means determines the encoding rate every GOP on the 
basis of data quantity of at least a portion every GOP consisting of a plurality of frames in the first bit 
stream and total quantity of usable data. 

A seventh picture encoding apparatus according to this invention is characterized in that, in the sixth 
picture encoding apparatus, the encoding control means determines an encoding rate every GOP on the 
75 basis of data quantity with respect to intra-frame encoded picture and forward predictive encoded picture in 
the GOP. 

An eighth picture encoding apparatus according to this invention is characterized in that, in the fourth 
picture encoding apparatus, the encoding control means proportionally allocate the total quantity of usable 
data in dependency upon data quantity of the first bit stream every predetermined time, thus to determine 

20 the encoding rate every predetermined time. 

A ninth picture encoding apparatus according to this invention comprises difficulty calculating means for 
calculating (determining) difficult of encoding every predetermined picture unit of an input video signal; 
encoding rate setting means for setting an encoding rate every predetermined picture unit on the basis of 
the difficulty of encoding from the difficulty calculating means and total quantity of usable data; and 

25 encoding means for allowing the input video signal to undergo encoding so that encoding rates of 
respective picture units are in correspondence with the encoding rate every picture unit set by the encoding 
rate setting means. 

A tenth picture encoding apparatus according to this invention is characterized in that, in the ninth 

picture encoding apparatus, the difficulty calculating means determines difficulty of encoding every frame. 
30 An eleventh picture encoding apparatus according to this invention is characterized in that, in the ninth 

picture encoding apparatus, the difficulty calculating means determines difficulty of encoding every GOP 

consisting of a plurality of frames. 

A twelfth picture encoding apparatus according to this invention is characterized in that, in the ninth 

picture encoding apparatus, the difficulty calculating means implements a predetermined predictive encod- 
35 ing and/or a predetermined transform encoding to at least a portion of the input video signal to generate 

coefficient data, and to quantize the coefficient data by a fixed step size to thereby calculate (determine) 

difficulty of encoding. 

A first picture recording medium according to this invention is characterized in that there is recorded a 
second bit stream obtained by encoding at least a portion of an input video signal to generate first encoded 

40 data to determine an encoding rate every predetermined time on the basis of data quantity every 
predetermined time of the first encoded data and total quantity of usable data to encode the input video 
signal every predetermined time on the basis of the encoding rate. 

A second picture recording medium according to this invention is characterized in that there is recorded 
a second bit stream obtained by implementing a predetermined predictive encoding and/or a predetermined 

45 transform encoding to at least a portion of an input video signal to generate first coefficient data to quantize 
the first coefficient data by a fixed quantization step size to generate first quantized data to allow the first 
quantized data to undergo variable length encoding to generate a first bit stream to determine an encoding 
rate every predetermined time on the basis of data quantity of the first bit stream and total quantity of 
usable data to implement the predetermined predictive encoding and/or the predetermined transform 

50 encoding to the input video signal to generate second coefficient data to quantize the second coefficient 
data by a quantization step size based on the encoding rate every predetermined time to generate second 
quantized data to allow the second quantized data to undergo variable length encoding. 

A third picture recording medium according to this invention is characterized in that there is recorded 
encoded data obtained by determining difficulty of encoding every predetermined picture unit of an input 

55 video signal to set encoding rate every predetermined picture unit on the basis of the difficulty of encoding 
and total quantity of usable data to encode the input video signal so that encoding rates of respective 
picture units are in correspondence with the set encoding rate every picture unit. 
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In accordance with the first picture encoding method according to this invention, encoding rate every 
predetermined time is determined on the basis of data quantity every predetermined time of first encoded 
data obtained by encoding at least a portion of an input video signal and total quantity of usable data to 
encode the input video signal every predetermined time on the basis of the encoded rate to generate 

5 second encoded data. 

In accordance with the second picture encoding method according to this invention, in the first picture 
encoding method, at least a portion of input video signal is quantized by fixed quantization step size to 
thereby generate the first encoded data to determine the encoding rate to encode the input video signal 
every predetermined time on the basis of the encoding rate to generate second encoded data. 

10 In accordance with the third picture encoding method according to this invention, in the first picture 
encoding method, the total quantity of usable data is proportionally allocated in dependency upon data 
quantity every predetermined time to determine encoding rate every predetermined time to encode the 
input video signal every predetermined time on the basis of the encoding rate to generate second encoded 
data. 

75 In accordance with the fourth picture encoding method according to this invention, predetermined 
predictive encoding and/or predetermined transform encoding processing, and quantization processing and 
variable length encoding processing at fixed quantization step size are implemented to at least a portion of 
an input video signal to generate first bit stream to determine encoding rate every predetermined time on 
the basis of data quantity of the first bit stream and total quantity of usable data. Then, predetermined 

20 predictive encoding and/or predetermined transform encoding processing, and quantization processing and 
variable length encoding processing by quantization step size based on encoding rate every predetermined 
time are implemented to input video signal, thus to generate second bit stream. 

In accordance with the fifth picture encoding method according to this invention, in the fourth picture 
encoding method, the encoding rate is determined every one frame on the basis of data quantity every one 

25 frame in the first bit stream and total quantity of usable data. Then, predetermined predictive encoding 
and/or predetermined transform encoding processing, and quantization processing and variable length 
encoding processing at quantization step size based on encoding rate every one frame are implemented to 
input video signal, thus to generate second bit stream. 

In accordance with the sixth picture encoding method according to this invention, in the fourth picture 

30 encoding method, the encoding rate is determined every GOP on the basis of data^quantity of at least a 
portion every GOP consisting of a plurality of frames in the first bit stream and total quantity of usable data. 
Then, predetermined predictive encoding and/or predetermined transform encoding processing, and quan- 
tization processing and variable length encoding processing at quantization step size base on encoding rate 
every GOP are implemented to input video signal, thus to generate second bit stream. 

35 In accordance with the seventh picture encoding method according to this invention, in the sixth picture 
encoding method, encoding rate every GOP is determined on the basis of data quantity with respect to 
intra-frame encoded picture and forward predictive encoded picture in the GOP. Then, predetermined 
predictive encoding and/or predetermined transform encoding processing, quantization processing at 
quantization step based on encoding rate every GOP and variable length encoding processing are 

40 implemented to input video signal, thus to generate second bit stream. 

In accordance with the eighth encoding method according to this invention, in the fourth picture 
encoding method, the total quantity of usable data is proportionally allocated in dependency upon data 
quantity of the first bit stream every predetermined time to determine the encoding rate every predeter- 
mined time. Then, predetermined predictive encoding and/or predetermined transform encoding processing, 

45 quantization processing at quantization step size based on encoding rate every predetermined time and 
variable length encoding processing are implemented to input video signal, thus to generate second bit 
stream. 

In accordance with the ninth picture encoding method according to this invention, difficulty of encoding 
every predetermined picture unit of input video signal is determined to set encoding rate every predeter- 
50 mined picture unit on the basis of the difficulty of encoding and total quantity of usable data. Then, the input 
video signal is encoded so that the encoding rates of respective picture units are in correspondence with 
the set encoding rate every picture unit. 

In accordance with the tenth picture encoding method according to this invention, in the ninth picture 
encoding method, difficulty of encoding is determined every frame of input video signal to determine the 
55 encoding rate every frame. Then, the input video signal is encoded so that encoding rates of respective 
frames are in correspondence with the set encoding rate every frame. 

In accordance with the eleventh picture encoding method, in the ninth picture encoding method, 
difficulty of encoding is determined every GOP of input video signal to determine the encoding rate every 
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GOP. Then, the input video signal is encoded so that encoding rates of GOPs are in correspondence with 
the set encoding rate every GOP. 

In accordance with the twelfth encoding method according to this invention, in the ninth picture 
encoding method, coefficient data obtained by implementing predetermined predictive encoding and/or 
5 predetermined transform encoding to at least a portion of input video signal is quantized at fixed 
quantization step size to thereby determine difficulty. Then, the input video signal is encoded so that 
encoding rates of respective picture units are in correspondence with the set encoding rate every picture 
unit. 

Further, in accordance with the first picture encoding apparatus according to this invention, encoding 
w rate every predetermined time is determined on the basis of data quantity every predetermined time of first 
encoded data obtained by encoding at least a portion of input video signal and total quantity of usable data 
to encode the input video signal every predetermined time on the basis of the encoding rate, thus to 
generate second encoded data. 

In accordance with the second picture encoding apparatus according to this invention, in the first picture 
75 encoding apparatus, at least a portion of input video signal is quantized at fixed quantization step size to 
thereby generate the first encoded data to determine the encoding rate to encode the input video signal 
every predetermined time on the basis of the encoding rate, thus to generate second encoded data. 

In accordance with the third picture encoding apparatus according to this invention, in the first picture 
encoding apparatus, the total quantity of usable data is proportionally allocated in dependency upon the 
20 data quantity every predetermined time to determine the encoding rate every predetermined time to encode 
the input video signal every predetermined time on the basis of the encoding rate, thus to generate second 
encoded data. 

In accordance with the fourth picture encoding apparatus according to this invention, predetermined 
predictive encoding and/or predetermined transform encoding processing, and quantization processing at 

25 fixed quantization step size and variable length encoding processing are implemented to at least a portion 
of input video signal to generate first bit stream to determine encoding rate every predetermined time on 
the basis of data quantity of the first bit stream and total quantity of usable data. Then, predetermined 
predictive encoding and/or predetermined transform encoding processing, and quantization processing and 
variable length encoding processing at quantization step size based on encoding rate every predetermined 

30 time, thus to generate second bit stream. 

In accordance with the fifth picture encoding apparatus according to this invention, in the fourth picture 
encoding apparatus, the encoding rate is determined every one frame on the basis of data quantity every 
one frame in the first bit stream and total quantity of usable data. Then, predetermined predictive encoding 
and/or predictive transform processing, and quantization processing at quantization step size based on 

35 encoding rate every one frame and variable length encoding processing are implemented to input video 
signal, thus to generate second bit stream. 

In accordance with the sixth picture encoding apparatus according to this invention, in the fourth picture 
encoding apparatus, the encoding rate is determined every GOP on the basis of data quantity of at least a 
portion every GOP consisting of a plurality of frames in the first bit stream and total quantity of usable data. 

40 Then, predetermined predictive encoding and/or predetermined transform encoding processing, quantization 
processing at quantization step size based on encoding rate every GOP and variable length encoding 
processing are implemented to input video signal to generate second bit stream. 

In accordance with the seventh picture encoding apparatus according to this invention, in the sixth 
picture encoding apparatus, the encoding rate every GOP is determined on the basis of data quantity with 

45 respect to intra-frame encoded picture and forward predictive encoded picture in the GOP. Then, 
predetermined predictive encoding and/or predetermined transform encoding processing, quantization 
processing at quantization step size based on encoding rate every GOP and variable length encoding 
processing are implemented to input video signal, thus to generate second bit stream. 

In accordance with the eighth picture encoding apparatus according to this invention, in the fourth 

50 picture encoding apparatus, the total quantity of usable data is proportionally allocated in dependency upon 
data quantity of the first bit stream every predetermined time to determine the encoding rate every 
predetermined time. Then, predetermined predictive encoding and/or predetermined transform encoding 
processing, quantization processing at quantization step size based on encoding rate every predetermined 
time and variable length encoding processing are implemented to input video signal, thus to generate 

55 second bit stream. 

In accordance with the ninth picture encoding apparatus according to this invention, difficulty of 
encoding is determined every predetermined picture unit of input video signal to set encoding rate every 
predetermined picture unit on the basis of the difficulty of encoding and total quantity of usable data. Then, 
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the input video signal is encoded so that encoding rates of respective picture units are in correspondence 
with the set encoding rate every picture unit. 

In accordance with the tenth picture encoding apparatus according to this invention, in the ninth picture 
encoding apparatus, difficulty of encoding is determined every frame of input video signal to determine the 
5 encoding rate every frame. Then, the input video signal is encoded so that encoding rates of respective 
frames are in correspondence with the set encoding rate every frame. 

In accordance with the eleventh picture encoding apparatus according to this invention, in the ninth 
picture encoding apparatus, difficulty of encoding is determined every GOP of input video signal to 
determine the encoding rate every GOP. Then, the input video signal is encoded so that encoding rates of 
70 respective GOPs are in correspondence with the set encoding rate every GOP. 

In accordance with the twelfth picture encoding apparatus according to this invention, in the ninth 
picture encoding apparatus, coefficient data obtained by implementing predetermined predictive encoding 
and/or predetermined transform encoding to at least a portion of input video signal is quantized at fixed 
quantization step size to thereby the determine difficulty of encoding. Then, the input video signal is 
75 encoded so that encoding rates of respective picture units are in correspondence with the set encoding rate 
every picture unit. 

In addition, in accordance with the first picture recording medium according to this invention, there is 
recorded second bit stream obtained by determining encoding rate every predetermined time on the basis 
of data quantity every predetermined time of first encoded data obtained by encoding at least a portion of 

20 input video signal and total quantity of usable data to encode the input video signal every predetermined 
time on the basis of the encoding rate. 

In accordance with the second picture recording medium according to this invention, there is recorded 
second bit stream obtained by implementing predetermined predictive encoding and/or predetermined 
transform encoding processing, and quantization processing and variable length encoding processing at 

25 fixed quantization step size to generate first bit stream to determine encoding rate every predetermined 
time on the basis of data quantity of the first bit stream and total quantity of usable data to implement 
predetermined predictive encoding and/or predetermined transform encoding processing, and quantization 
processing and variable length encoding processing at quantization step size based on encoding rate every 
predetermined time to the input video signal. 

30 In accordance with the third picture recording medium according to this invention, there is recorded 
encoded data obtained by determining difficulty of encoding every predetermined picture unit of input video 
signal to set encoding rate every predetermined picture unit on the basis of the difficulty of encoding and 
total quantity of usable data to encode the input video signal so that encoding rates of respective picture 
units are in correspondence with the set encoding rate every picture unit. 

35 

Brief Description of the Drawings 

FIG. 1 is a block diagram showing a circuit configuration of the essential part of a picture encoding 
apparatus to which this invention is applied. 
40 FIG. 2 is a flowchart for explaining the operation of first encoding circuit constituting the above- 
mentioned picture encoding apparatus. 

FIG. 3 is a flowchart for explaining- the operation of second encoding circuit constituting the above- 
mentioned picture encoding apparatus. 

FIG. 4 is a view showing respective pictures for explaining the configuration of GOP in MPEG. 
45 FIG. 5 is a view showing respective pictures for explaining encoding control signal every GOP. 

FIG. 6 is a flowchart for explaining the operation of the second encoding circuit constituting the above- 
mentioned picture encoding apparatus. 

FIG. 7 is a view showing picture for explaining the principle of predictive encoding. 
FIG. 8 is a view showing picture for explaining the principle of motion compensated predictive 
50 encoding. 

FIG. 9 is a block diagram showing the configuration of picture encoding apparatus (unit) and picture 
decoding apparatus (unit) which are related to this invention. 

FIG. 10 is a view showing the configuration of frame, macro block and slice. 
FIG. 11 is a block diagram showing a circuit configuration of conventional encoder. 
55 FIG. 12 is a block diagram showing a circuit configuration of conventional decoder. 
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Best Mode for Carrying Out the Invention 

An embodiment of a picture encoding method, a picture encoding apparatus and a picture recording 
medium according to this invention will now be described with reference to the attached drawings. 

5 A picture encoding apparatus to which this invention is applied comprises, as shown in FIG. 1, for 
example, a first encoding circuit 10 for encoding an input video signal to generate first encoded data, an 
encoding control circuit 30 for determining encoding rate every predetermined time on the basis of data 
quantity every predetermined time of the first encoded data from the first encoding circuit 10 and total 
quantity of usable data, and a second encoding circuit 40 for encoding the input video signal every 

w predetermined time on the basis of the encoding rate from the encoding control circuit 30 to generate 
second encoded data. 

More particularly, the first encoding circuit 10 comprises, as shown in the FIG. 1 mentioned above, a 
frame memory group 12 for storing input picture data which is input video signal, a motion vector detecting 
circuit 1 1 for detecting motion vector of input picture data from input picture data on the basis of picture 

75 data stored in the frame memory group 12, a frame memory 22 for storing predictive picture data, a motion 
compensating circuit 23 for implementing motion compensation to predictive picture data which has been 
read out from the frame memory 22 on the basis of motion vector from the motion vector detecting circuit 
11, a predictive encoding circuit 14 for motion-compensated predictive picture data from the motion 
compensating circuit 23, a DCT circuit 15 for implementing encoding, e.g., Discrete Cosine Transform 

20 (hereinafter referred to as DCT) processing to differences, etc. which are predictive errors from the 
predictive encoding circuit 14 to generate coefficient data, a quantizing circuit 16 for quantizing coefficient 
data from the DCT circuit 15 at a fixed quantization step size to generate quantized data, a Variable Length 
Code (hereinafter referred to as VLC) circuit 17 for allowing quantized data from the quantizing circuit 16 to 
undergo variable length encoding to output variable length encoded data, an inverse quantizing circuit 18 

25 for inverse-quantizing quantized data from the quantizing circuit 16 to reproduce coefficient data, an Inverse 
Discrete Cosine Transform (hereinafter referred to as IDCT) circuit 20 for implementing decoding, e.g., IDCT 
processing to coefficient data from the inverse quantizing circuit 18, and an adding circuit 21 for adding 
difference from the IDCT circuit 20 and motion-compensated predictive picture data from the motion 
compensating circuit 23 to generate predictive picture data with respect to the next input picture data to 

30 deliver the predictive picture data to the frame memory 22. 

Moreover, the second encoding circuit 40 comprises, as shown in the FIG. 1 mentioned above, a delay 
element 43 for delaying input picture data, a frame memory 52 for storing predictive picture data, a motion 
compensating circuit 53 for implementing motion compensation to predictive picture data which has been 
read out from the frame memory 52 on the basis of motion vector from the motion vector detecting circuit 

35 11, a predictive encoding circuit 44 for predictive-encoding input picture data delayed at the delay element 
43 on the basis of the motion compensated predictive picture data from the motion compensating circuit 53, 
a DCT circuit 45 for implementing encoding, e.g., DCT processing to difference, etc. from the predictive 
encoding circuit 44 to generate coefficient data, a quantization scale setting circuit 33 for setting quantiza- 
tion step size on the basis of encoding rate from the encoding control circuit 30, a quantizing circuit 46 for 

40 quantizing coefficient data from the DCT circuit 45 at quantization step size from the quantization scale 
setting circuit 33, a VLC circuit for allowing quantized data from the quantizing circuit 46 to undergo variable 
length encoding to output variable length encoded data, a transmitting buffer memory 49 for temporarily 
storing variable length encoded data from the VLC circuit 47 to output it at a fixed bit rate, an inverse 
quantizing circuit 48 for inverse-quantizing quantized data from the quantizing circuit 46 to reproduce 

45 coefficient data, an IDCT circuit 50 for implementing decoding, e.g., IDCT processing to the coefficient data 
from the inverse quantizing circuit 48 to reproduce the difference, and an adding circuit 51 for adding 
difference from the IDCT circuit 50 and the motion-compensated predictive picture data from the motion 
compensating circuit 53 to generate predictive picture data with respect to the next input picture data to 
deliver the predictive picture data to the frame memory 52. 

50 In this picture encoding apparatus, by the first encoding circuit 10, encoding processing, e.g., predictive 
encoding processing, DCT processing, quantization processing at fixed quantization step size and variable 
length encoding processing are implemented to input picture data. By encoding control circuit 30, encoding 
bit rate is determined on the basis of data quantity every predetermined time of variable length encoded 
data which is the first bit stream obtained and data capacity of picture recording medium 55, e.g., 

55 comprised of optical disc, magnetic disc or magnetic tape, etc. or total quantity of usable data determined 
by bit rate of transmission path (transfer rate). Thereafter, by second encoding circuit 40, predictive 
encoding processing, DCT processing, quantization processing and variable length encoding processing are 
implemented to input picture data for a second time. In generating variable length encoded data which is 
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second bit stream, quantization is made by quantization step size based on encoding bit rate. 

Namely, in this picture encoding apparatus, as shown in FIG. 2, for example, at step ST1, quantizing 
circuit 16 of first encoding circuit 10 sets quantization step size to, e.g., 1 to quantize coefficient data 
delivered from DCT circuit 15 to generate quantized data. Counter 31 of encoding control circuit 30 counts 
5 data quantity of variable length encoded data (first bit stream) obtained by allowing the quantized data to 
undergo variable length encoding every predetermined time, e.g., one frame to determine, every frame, 
quantity of code generated indicating difficulty of encoding. 

At step ST2, bit rate calculating circuit 32 determines allocated code quantity allocated every frame on 
the basis of difficulty (quantity of code generated) every frame and total quantity of usable data. 
w At step ST3, quantizing circuit 46 of second encoding circuit 40 quantizes coefficient data delivered 
from DCT circuit 45 by quantization step size based on allocated code quantity to generate quantized data. 

In actual terms, inputted picture data is temporarily stored into frame memory group 12. From the frame 
memory group 12, that picture data is read out .in accordance with block format as described in the prior 
art. 

75 Motion vector detecting circuit 11 reads out necessary picture data from frame memory group 12 in 
macro block units described above to detect motion vector. Namely, motion vector detecting circuit 11 
detects, in macro block units, motion vector of current reference picture by using forward original picture 
and/or backward original picture stored in frame memory group 12. Here, detection of motion vector is 
carried out such that a motion vector in which, e.g., absolute value sum of differences between frames in 

20 macro block units becomes minimum is caused to be corresponding motion vector. The detected motion 
vector is delivered to motion compensating circuits 23, 53, etc., and absolute value sum of differences 
between frames in macro block units is delivered to intra-frame/forward/backward/bidirectionally predictive 
judging circuit 13. 

The intra-frame/forward/backward/bidirectionally predictive judging circuit 13 determines predictive 
25 mode on the basis of the above value to control predictive encoding circuit 14 so as to carry out switching 
of intra-frame/forward/backward/bidirectional prediction in block units. 

The predictive encoding circuit 14 comprises, as shown in FIG. 1 mentioned above, adding circuits 14a, 
14b, 14c and selecting (changeover) switch 14d. When predictive encoding mode is intra-frame encoding 
mode, the selecting switch 14d select input picture data itself, and when predictive encoding mode is 
30 forward/backward/bidirectionally predictive mode, it selects differences (hereinafter referred to as difference 
data) every pixels of input picture data with respect to respective predictive pictures. Then, the selecting 
switch 14d delivers selected data to DCT circuit 15. 

The DCT circuit 15 implements, in block units, DCT processing to input picture data or difference data 
delivered from selecting switch 14d by making use of the two-dimensional correlation of video signal to 
35 deliver coefficient data thus obtained to quantizing circuit 16. 

The quantizing circuit 16 quantizes coefficient data delivered from DCT circuit 15 at a fixed quantization 
step size, e.g., with quantization step size being set to 1 to deliver quantized data thus obtained to VLC 
circuit 17 and inverse quantizing circuit 18. 

The VLC circuit 17 carries out variable length encoding of quantized data along with quantization step 
40 size, predictive mode, and motion vector, etc. to deliver variable length encoded data obtained to encoding 
control circuit 30 as a first bit stream. 

The encoding control circuit 30 comprises, as shown in the FIG. 1 mentioned above, counter 31 for 
counting data quantity every predetermined time of variable length encoded data from the VLC circuit 17, 
and bit rate calculating circuit 32 for calculating (determining) allocated code quantity per unit time on the 
45 basis of data quantity from the counter 31 and total quantity of usable data. The counter 31 counts data 
quantity of the first bit stream every predetermined time, e.g., every one frame to determine (calculates) 
difficulty every frame to deliver this difficulty to bit rate calculating circuit 32. 

The bit rate calculating circuit 32 calculates (determines) allocated code quantity allocated every frame, 
i.e., mean encoding rate every frame time on the basis of difficulty every frame and total quantity of usable 
50 data, and delivers this allocated code quantity to quantization scale setting circuit 33 of second encoding 
circuit 40. 

In actual terms, bit rate calculating circuit 32 performs the following calculation. Namely, assuming now 
that the number of all frames is N, total quantity of usable data is B, difficulty of the i (i = 0, 1, 2, N-1)-th 
frame is dj, and allocated code quantity with respect to the i-th frame is bj.when this allocated code quantity 
55 b } is caused to be proportional to difficulty dj as indicated by the following formula (1), data total quantity B 
can be calculated by adding allocated code quantities bi of all frames as indicated by the following formula 
(2). In the formula, a represents constant. \ 
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Accordingly, constant a can be calculated by the following formula (3). When substitution of this 
75 constant a into the formula (1) is made, allocated code quantity b $ with respect to the i-th frame can be 
calculated by the following formula (4). 



B 

20 a = N-l 

E d i •••(3) 



25 




Thus, bit rate calculating circuit 32 increases allocated code quantity bj with respect to frame of picture 
of complicated pattern, for example, and decreases allocated code quantity b» with respect to frame of 
35 simple pattern. 

On the other hand, inverse quantizing circuit 18 inverse-quantizes quantized data delivered from 
quantizing circuit 16 at quantization step size caused to be set to 1 to reproduce coefficient data 
(quantization distortion is added) corresponding to output of DCT circuit 15 to deliver that coefficient data to 
IDCT circuit 20. 

40 The IDCT circuit 20 implements IDCT processing to coefficient data to reproduce input picture data 
corresponding to output of predictive encoding circuit 14 in the intra-frame encoding mode, and reproduces 
difference data in the forward/backward/bidirectionally predictive mode, thus to deliver reproduced data to 
adding circuit 21. 

The adding circuit 21 is supplied, when predictive encoding mode is forward/backward/bidirectionally 
45 predictive mode, with motion-compensated predictive picture data from motion compensating circuit 23. 
The adding circuit 21 adds this predictive picture data and difference data delivered from IDCT circuit 20 to 
thereby reproduce picture data corresponding to input picture data. 

The picture data reproduced in this way is stored into frame memory 22 as predictive picture data. 
Namely, inverse quantizing circuit 18 ~ adding circuit 21 constitute a local decoding circuit to locally 
50 decode quantized data outputted from quantizing circuit 16 on the basis of predictive mode to write 
decoded picture obtained into frame memory 22 as forward predictive picture or backward predictive 
picture. Frame memory 22 is composed of a plurality of frame memories. Bank switching of frame memory 
is carried out. In dependency upon picture to be encoded, e.g., single frame is outputted as forward 
predictive picture data, or is outputted as backward predictive picture data. Further, in the case of 
55 forward/backward/bidirectional prediction, forward predictive picture data and backward predictive picture 
data are, e.g., averaged and the averaged data is outputted. These predictive picture data are entirely the 
same picture data as picture data reproduced by picture decoding apparatus which will be described later. 
Picture to be processed next is caused to undergo forward/backward/bidirectionally encoding on the basis 
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of this predictive picture. 

The operation of second encoding circuit 40 will now be described. It is to be noted that since circuits 
except for quantization scale setting circuit 33, delay element 43, quantizing circuit 46, and transmitting 
buffer 49 constituting second encoding circuit 40 perform the same operations as those of circuits 

5 constituting the above-described first encoding circuit 10 t their explanation is omitted. 

Delay element 43 delays input picture data, e.g., by time until encoding control signal is outputted from 
encoding control circuit 30. Then, at predictive encoding circuit 44 and DCT circuit 45, predictive encoding 
processing and DCT processing which are in accordance with predictive mode delivered from intra- 
frame/forward/backward/bidirectionally predictive judging circuit 13 are implemented to the delayed input 

w picture data. Thus, coefficient data is generated. 

Quantization scale setting circuit 33 determines (calculates) allocated code quantity every macro block 
(e.g., value obtained by dividing allocated code quantity every frame by the number of macro blocks in one 
frame) from delivered allocated code quantity every frame to carry out comparison between code quantity 
generated in a macro block which is detected from buffer feedback from transmitting buffer 49 and 

75 allocated code quantity every macro block. The quantization scale setting circuit 33 operates as follows so 
as to allow encoding bit rates of respective frames to become close to set mean encoding bit rate every 
frame time. Namely, in the case where code quantity generated in corresponding macro block is greater 
than allocated code quantity every macro block, the circuit 33 sets quantization step size of next macro 
block to a greater value in order to suppress code quantity generated by the next macro block. In contrast, 

20 in the case where code quantity generated in corresponding macro block is smaller than allocated code 
quantity every macro block, the circuit 33 sets quantization step size of next macro block to a smaller value 
so as to increase code quantity generated. It should be noted that quantization scale setting circuit 33 is 
operative so that in the case where buffer feedback from transmitting buffer 49 indicates that transmitting 
buffer 49 is in a state close to overflow state, it allows quantization step size to be larger to suppress 

25 overflow irrespective of comparison result between the allocated code quantity and code quantity gen- 
erated, while in the case where buffer feedback from the transmitting buffer 49 indicates that transmitting 
buffer 49 is in a state close to underflow state, it allows quantization step to be smaller to suppress 
underflow irrespective of comparison result between the allocated code quantity and code quantity 
generated. While it has been described that comparison between code quantity generated and allocated 

30 code quantity is made every macro block to switch quantization step size every macro block, such switch 
may be carried out every slice. While it has been described that code quantity generated is detected from 
storage quantity of transmitting buffer 49, it may be directly obtained from output of variable length 
encoding circuit 47. The quantization scale setting circuit 33 delivers quantization step size set in this way 
to quantizing circuit 46. 

35 The quantizing circuit 46 quantizes coefficient data delivered from DCT circuit 45 by quantization step 
size delivered from the above-described quantization scale setting circuit 33 to generate quantized data. 

VLC circuit 47 allows quantized data delivered from quantizing circuit 46 to undergo variable length 
encoding along with quantization step size from quantization scale setting circuit 33, predictive mode from 
intra-frame/forward/backward/bidirectionally predictive judging circuit 13, and motion vector from motion 

40 vector detecting circuit 11, etc. to deliver variable length encoded data obtained to transmitting buffer 
memory 49 as a second bit stream. 

Namely, in this picture encoding apparatus, as shown in FIG. 3, for example, when picture data is 
inputted through delay element 43 at step ST1, quantization scale setting circuit 33 reads in, from encoding 
control circuit 30, allocated code quantity with respect to frame to be currently encoded at step ST2, then, 

45 the processing operation proceeds to step ST3. 

At step ST3, predictive encoding circuit 44 ~ VLC circuit 47 implement predictive encoding processing 
and DCT processing to picture data, and quantizes coefficient data by quantization step size based on 
allocated code quantity thereafter to allow it to undergo variable length encoding. Then, the processing 
operation proceeds to step ST4. 

50 At the step ST4, whether or not encoding processing has been completed with respect to all frames 
(sequence) to which, e.g., the same picture size or the same transfer rate is applied is judged. If so, the 
processing is completed. In contrast, if not so, the processing operation returns to step ST1. Thus, variable 
rate encoding such that encoding rate changes in frame units is realized. Accordingly, even if pictures 
(frames) of complicated pattern are successive, there is no possibility that quantization step size is caused 

55 to be large with respect to these pictures as in the conventional apparatus. Thus, uniform high picture 
quality can be obtained through the entirety. 

The transmitting buffer memory 49 temporarily stores variable length encoded data thereafter to read 
out it at a fixed bit rate to thereby smooth the variable length encoded data to output it as bit stream. The 
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bit stream which has been outputted from transmitting buffer 49 is multiplexed along with, e.g., encoded 
audio signal, synchronizing signal, etc. Further, code for error correction is added thereto, and a predeter- 
mined modulation suitable for transmission or recording is applied thereto. Thereafter, bit stream thus 
processed is transmitted to picture decoding apparatus through, e.g., transmission path, or is recorded onto 

5 picture recording medium 55 comprised of optical disc, magnetic disc or magnetic tape, etc. as shown in 
the FIG. 1 mentioned above. Namely, since, in the second encoding circuit 40, there is carried out a 
variable rate encoding such that, e.g., allocated code quantity b } is increased in advance with respect to 
complicated picture and allocated code quantity bj is decreased with respect to simple picture, there is no 
necessity of applying a fixed rate of high rate through the entirety in order to avoid extreme deterioration of 

10 picture quality with respect to pictures of complicated pattern as in the case of conventional apparatus. 
Thus, recording time of picture recording medium 55 can be prolonged. 

On the other hand, inverse quantizing circuit 48 inverse-quantizes quantized data delivered from 
quantizing circuit 46 by quantization step size used in the above-described quantizing circuit 46 to 
reproduce coefficient data (quantization distortion is added) corresponding to output of DCT circuit 45 to 

75 deliver this coefficient data to IDCT circuit 50. Namely, inverse quantizing circuit 48 - adding circuit 51 
constituting a local decoding circuit locally decode quantized data outputted from quantizing circuit 46 to 
write decoded picture obtained into frame memory 52 as forward predictive picture or backward predictive 
picture. Picture data stored in frame memory 52 is used as predictive picture for picture to be processed 
next. 

20 Meanwhile, while, in the above-described emboidment, allocated code quantity per predetermined time, 
i.e., mean encoding rate per predetermined time is obtained every frame with frame being used as 
predetermined time, this invention is not limited to such an implementation. For example, GOP (Group of 
Pictures in so called MPEG (Moving Picture Expert Group) may be used as a predetermined time. It should 
be noted that the above-described MPEG is general name of the moving picture encoding system being 

25 studied in WG (Working Group) 11 of SC (Sub Committee) 29 in JTC (Joint Technical Committee) of so 
called ISO (International Standardization Organization) and IEC (International Electrotechnical Committee). 

Namely, GOP in MPEG consists of at least one so called I picture, and a plurality of P pictures or B 
pictures (non-l picture). In a more practical sense, assuming that GOP consists of a single I picture, four P 
pictures having a period of 3 pictures, and ten B pictures, encoding control circuit 30 determines allocated 

30 code quantity every GOP. Here, I picture is picture to be subjected to intra-field or intra-frame encoding. P 
picture is picture which can be predicted only from forward direction, and is subjected to interfield or intra- 
frame encoding. B picture is picture which can be predicted from forward direction, from back ward 
direction and from both directions and is subjected to interfield or intra-frame encoding. 

When it is assumed, as shown in FIG. 5, for example, that successive arbitrary two pictures within GOP 

35 having the number of pictures constituting GOP as period are I picture and P picture, and quantization step 
size is, e.g., 1, the first encoding circuit 10 implements predictive encoding processing, DCT processing, 
and variable length encoding processing to picture data of these I and P pictures to generate variable length 
encoded data to deliver the variable length encoded data to encoding control circuit 30. The reason why 
two pictures are used as I picture, P picture is to examine complexity of pattern and correlation between 

40 frames. From code quantity generated of I picture, it is possible to recognize complexity of pattern. From 
code quantity generated of P picture, it is possible to recognize correlation between frames. Since 
successive plural frames have similar pictorial images in general, it is possible to recognize tendency of 
pattern of GOP even from extracted two pictures. 

Encoding control circuit 30 counts (calculates), every GOP, data quantity of I picture bit lj and data 

45 quantity of P picture bit Pj, and determines, every GOP, difficulty (code quantity generated GOP dj (j = 0, 
1, 2 ) on the basis of these data quantities bit lj, bit Pj and the number N of P pictures constituting GOP as 
indicated by the following formula (5), for example. 

GOPd, = bitlj+NxbitPj (5) 

50 

The encoding control circuit 30 determines allocated code quantity allocated every GOP on the basis of 
difficulty (code quantity generated) GOP dj every GOP and total quantity of usable data, and delivers this 
allocated code quantity to second encoding circuit 40. 

In actual terms, when the number of GOPs is assumed to be M, total quantity of usable data is 
55 assumed to be B, allocated code quantity with respect to the j-th GOP is GOP bj, and this allocated code 
quantity GOP bj is caused to be in proportion to difficulty as indicated by the following formula (6), data 
total quantity B is determined by adding allocated code quantities GOP bj of all GOPs as indicated by the 
following formula (7). In the formula (6), a is constant. 
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GOPbj = axGOPdj 



. . . (6) 
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Accordingly, constant a can be determined by the following formula (8). Substituting this constant a into 
the formula (6), 



allocated code quantity GOPbj with respect to the j-th GOP can be determined by the following formula (9). 



Thus, encoding control circuit 30 increases allocated code quantity GOP bj with respect to, e.g., GOP in 
which pictures of complicated pattern are included or having low correlation between frames, and decreases 
allocated code quantity GOP bj with respect to GOP in which pictures of simple pattern are included or 
having high correlation between frames. 

When second encoding circuit 40 is supplied with picture data through delay element 43 at step ST1 , 
as shown in FIG. 6, for example, it judges whether or not picture data being inputted is the leading picture 
of GOP. If so, the processing operation proceeds to step ST3. If not so, the processing operation proceeds 
to step ST4. 

At step ST3, second encoding circuit 40 reads in allocated code quantity with respect to GOP currently 
subjected to encoding from encoding control circuit 30. Then, the processing operation proceeds to step 



At the step ST4, second encoding circuit 40 implements predictive encoding processing and DCT 
processing, and quantizes coefficient data by quantization step size based on allocated code quantity 
thereafter to allow it to undergo variable length encoding. Then, the processing operation proceeds to step 
ST5. 

Here, quantization scale setting circuit 33 sets allocated code quantity every frame from delivered 
allocated code quantity every GOP by taking into consideration picture type (I picture, P picture, B picture) 
in actual encoding, e.g., picture type shown in FIG. 4. In a more practical sense, allocated code quantity 
with respect to I picture is increased, allocated code quantity with respect to B picture is decreased, and 
allocated code quantity with respect to P picture is caused to be intermediate therebetween. 

At the subsequent step ST5, whether or not encoding processing has been completed with respect to 
all frames (sequence) to which the same picture size or the same transfer rate is applied is judged. If so, 
the processing is completed. In contrast, if not so, the processing operation returns to step ST1. Thus, a 
variable rate encoding such that encoding rate changes every GOP is realized. Even if pictures (frames) of 
complicated pattern are successive, there is no possibility that quantization step size is caused to be large 
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with respect to these pictures as in the conventional apparatus. As a result, it is possible to obtain uniform 
high picture quality over the entirety. Further, since allocated code quantity every GOP is determined on the 
basis of two pictures in this embodiment, higher speed processing can be carried out as compared to the 
above-described emboidment. It is to be noted that it is a matter of course to determine allocated code 
5 quantities of respective GOPs on the basis of data quantities of all pictures within GOP. 

It should be noted that this invention is not limited to the above-described embodiments. While, e.g., 
transform coding employs DCT in the above-described embodiments, so called Strato transform, Haar 
transform or Wavelet transform, etc. may be employed. 

io Industrial Applicability 

As is clear from the foregoing description, this invention employs a scheme to allow an input video 
signal to undergo encoding, e.g., predictive encoding, DCT processing, quantization at fixed quantization 
step size and variable length encoding to generate first encoded data to determine (calculate) allocated 

75 code quantity every frame or every GOP on the basis of data quantity every predetermined time, e.g., 
every frame or every GOP of the first encoded data and total quantity of usable data to encode the input 
video signal every predetermined time on the basis of the allocated code quantity to generate second 
encoded data. Thus, variable rate encoding such that encoding rate changes every predetermined time is 
realized. As a result, even if pictures (frames) of complicated are successive, there is no possibility that 

20 quantization step size is caused to be large with respect to these pictures as in the conventional apparatus. 
Thus, uniform high picture quality can be obtained over the entirety. 

Further, since second encoded data obtained in a manner as described above has variable rate, in the 
case where such encoded data is recorded onto picture recording media, limited memory capacity can be 
effectively used, and recording time of picture recording media can be prolonged. In addition, picture data 

25 of high picture quality uniform through the entirety can be reproduced from the picture recording media. 

Claims 

1. A picture encoding method comprises the steps of: 

30 encoding at least a portion of an input video signal to generate first encoded data, 

determining an encording rate every predetermined time on the basis of data quantity every 
predetermined time of the first encoded data and total quantity of usable data, and 

encoding the input video signal every predetermined time on the basis of the encoding rate to 
generate second encoded data. 

35 

2. A picture encoding method as set forth in claim 1 , wherein at least a portion of the input video signal is 
quantized by a fixed quantization step size to generate the first encoded data. 

3. A picture encoding method as set forth in claim 1, wherein the total quantity of usable data is 
40 proportionally allocated in accordance with data quantity every predetermined time, thus to determine 

the encoding rate every predetermined time. 

4. A picture encoding method comprises the steps of: 

implementing a predetermined predictive encoding or a predetermined transform encoding to at 
45 least a portion of an input video signal to generate first coefficient data, 

quantizing the first coefficient data by a fixed step size to generate first quantized data, 
allowing the first quantized data to undergo variable length encoding to generate a first bit stream, 
determining an encoding rate every predetermined time on the basis of data quantity of the first bit 
stream and total quantity of usable data, 
so implementing the predetermined predictive encoding and/or the predetermined transform encoding 

to the input video signal to generate second coefficient data, 

quantizing the second coefficient data by a quantization step size based on the encoding rate every 
predetermined time to generate second quantized data, and 

allowing the second quantized data to undergo variable length encoding to generate a second bit 
55 stream. 

5. A picture encoding method as set forth in claim 4, wherein the encoding rate is determined every one 
frame on the basis of data quantity every one frame in the first bit stream and total quantity of usable 
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data. 

6. A picture encoding method as set forth in claim 4, wherein the encoding rate is determined every GOP 
on the basis of data quantity of at least a potion every GOP consisting of a plurality of frames in the 

5 first bit stream and total quantity of usable data. 

7. A picture encoding method as set forth in claim 6, wherein encoding rate every GOP is determined on 
the basis of data quantity with respect to intra-frame encoded picture and forward predictive encoded 
picture in the GOP. 

10 

8. A picture encoding method as set forth in claim 4, wherein the total quantity of usable data is 
proportionally allocated in dependency upon data quantity of the first bit stream every predetermined 
time to determine an encoding rate every predetermined time. 

75 9. A picture encoding method according to this invention comprises the steps of: 

determining difficulty of encoding every predetermined picture unit of an input video signal, 
setting an encoding rate every predetermined picture unit on the basis of the difficulty of encoding 
and total quantity of usable data, and 

implementing encoding to the input video signal so that encoding rates of respective picture units 

20 are in correspondence* with the set encoding rate every picture unit. 

10. A picture encoding method as set forth in claim 9, wherein the predetermined picture unit is frame. 

11. A picture encoding method as set forth in claim 9 wherein the predetermined picture unit is GOP 
25 consisting of a plurality of frames. 

12. A picture encoding method as set forth in claim 9, wherein a predetermined predictive encoding and/or 
a predetermined transform encoding is implemented to at least a portion of the input video signal to 
generate coefficient data to quantize the coefficient data by a fixed quantization step size to thereby 

30 determine difficulty of encoding. 

13. A picture encoding apparatus comprising: 

first encoding means for encoding at least a portion of an input video signal to generate first 
encoded data; 

35 encoding control means for determining an encoding rate every predetermined time on the basis of 

data quantity every predetermined time of the first encoded data from the first encoding means and 
total quantity of usable data; and 

second encoding means for encoding the input video signal every predetermined time on the basis 
of the encoding rate every predetermined time from encoding control means to generate second 

40 encoded data. 

14. A picture encoding apparatus as set forth in claim 13, wherein the first encoding means comprises 
quantizing means for quantizing at least a portion of the input video signal by a fixed quantization step 
size. 

45 

15. A picture encoding apparatus as set forth in claim 13, wherein the encoding control means is operative 
to proportionally allocate the total quantity of usable data in dependency upon data quantity every 
predetermined time, thus to determine an encoding rate every predetermined time. 

50 16. A picture encoding apparatus comprising: 

first encoding means for implementing a predetermined predictive encoding and/or a predeter- 
mined transform encoding to at least a portion of an input video signal to generate first coefficient data; 

first quantizing means for quantizing the first coefficient data from the first encoding means by a 
fixed quantization step size to generate first quantized data; 
55 first variable length encoding means for allowing the quantized data from the first quantizing means 

to undergo variable length encoding to generate a first bit stream; 

encoding control means for determining an encoding rate every predetermined time on the basis of . 
data quantity of the first bit stream from the first variable length encoding means and total quantity of 
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usable data; 

second encoding means for implementing the predetermined predictive encoding and/or the 
predictive transform encoding to the input video signal to generate second coefficient data; 

second quantizing means for quantizing the second coefficient data from the second encoding 
5 means by a quantization step size based on the encoding rate every predetermined time from the 
encoding control means to generate second quantized data; and 

second variable length encoding means for allowing the second quantized data from the second 
quantizing means to undergo variable length encoding to generate a second bit stream. 

w 17. A picture encoding apparatus as set forth in claim in 16, wherein the encoding control means 
determines the encoding rate every one frame on the basis of data quantity every one frame in the first 
bit stream and total quantity of usable data. 

18. A picture encoding apparatus as set forth in claim 16, wherein the encoding control means determines 
75 the encoding rate every GOP on the basis of data quantity of at least a portion every GOP consisting of 

a plurality of frames in the first bit stream and total quantity of usable data. 

19. A picture encoding apparatus as set forth in claim 18, wherein the encoding control means determines 
an encoding rate every GOP on the basis of data quantity with respect to intra-frame encoded picture 

20 and forward predictive encoded picture in the GOP. 

20. A picture encoding apparatus as set forth in claim 16, wherein the encoding control means proportion- 
ally allocate the total quantity of usable data in dependency upon data quantity of the first bit stream 
every predetermined time, thus to determine the encoding rate every predetermined time. 

25 

21. A picture encoding apparatus according to this invention comprises: 

difficulty calculating means for calculating (determining) difficult of encoding every predetermined 
picture unit of an input video signal; 

encoding rate setting means for setting an encoding rate every predetermined picture unit on the 
30 basis of the difficulty of encoding from the difficulty calculating means and total quantity of usable data; 
and 

encoding means for allowing the input video signal to undergo encoding so that encoding rates of 
respective picture units are in correspondence with the encoding rate every picture unit set by the 
encoding rate setting means. 

35 

22. A picture encoding apparatus as set forth in claim 21, wherein the difficulty calculating means 
determines difficulty of encoding every frame. 

23. A picture encoding apparatus as set forth in claim 21, wherein the difficulty calculating means 
40 determines difficulty of encoding every GOP consisting of a plurality of frames. 

24. A picture encoding apparatus as set forth in claim 21, wherein the difficulty calculating means 
implements a predetermined predictive encoding and/or a predetermined transform encoding to at least 
a portion of the input video signal to generate coefficient data, and to quantize the coefficient data by a 

45 fixed step size to thereby calculate (determine) difficulty of encoding. 

25. A picture recording medium on which there is recorded a second bit stream obtained by: 

encoding at least a portion of an input video signal to generate first encoded data, 
determining an encoding rate every predetermined time on the basis of data quantity every 
so predetermined time of the first encoded data and total quantity of usable data, and 

encoding the input video signal every predetermined time on the basis of the encoding rate. 

9 

26. A picture recording medium on which there is recorded a second bit stream obtained by: 

implementing a predetermined predictive encoding and/or a predetermined transform encoding to 
55 at least a portion of an input video signal, 

generating first coefficient data to quantize the first coefficient data by a fixed quantization step size 
to generate first quantized data, 

allowing the first quantized data to undergo variable length encoding to generate a first bit stream, 
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determining an encoding rate every predetermined time on the basis of data quantity of the first bit 
stream and total quantity of usable data, 

implementing the predetermined predictive encoding and/or the predetermined transform encoding 
to the input video signal to generate second coefficient data, 

quantizing the second coefficient data by a quantization step size based on the encoding rate every 
predetermined time to generate second quantized data, and 

allowing the second quantized data to undergo variable length encoding. 

27. A picture recording medium on which there is recorded encoded data obtained by: 

determining difficulty of encoding every predetermined picture unit of an input video signal 

setting encoding rate every predetermined picture unit on the basis of the difficulty of an encoding 

and total quantity of usable data, and 

encoding the input video signal so that encoding rates every respective picture units are in 

correspondence with the set encoding rate every picture unit. 
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